A field experiment was conducted at the Agronomy Field Laboratory, Bangladesh Agricultural University, Mymensingh during the period from July to December 2011 to evaluate the effect of variety and placement method of urea super granule (USG) on the yield performance of T. aman rice varieties. The experiment consisted of three aman rice varieties viz., Pajam, BR11, BRRI dhan40 and four placement methods viz., broadcasting method of prilled urea (PU), USG placement by hand, by BAU USG applicator and by BARI USG applicator. The experiment was laid out in a randomized complete block design with four replications. The highest value of grain yield (5.13 t/ha), straw yield (5.90 t/ha) and biological yield (11.04 t/ha) were found in BR11. On the other hand, the lowest grain yield (3.54 t/ha) was produced in variety Pajam. The highest grain and straw yields (5.13 and 5.21 t/ha, respectively) were obtained from the hand placement method of USG. Regarding the interaction of variety and USG placement method, BR11with hand placement method appeared as the best method among others.
Introduction
Rice (Oryza sativa L.) is one of the most important cereals in the world. It is the staple food for more than half of the world population and grows in more than 100 countries. China, India, Indonesia, Bangladesh, Thailand and Vietnam produce about 80% of the world rice. Among the leading rice growing countries of the world, Bangladesh ranks fourth in both rice area and production (BRRI, 2011) . In Bangladesh rice accounts for 95% of the annual food grain production. It provides about 75% of the calories and 55% of the protein in the average daily diet of the people of the country (Bhuiyan et al., 1998) . Bangladesh is an agro-based country and predominately rice based. Agriculture contributes about 19.95% of the gross domestic product (GDP) of the country (BBS, 2010) . In the year 2010-11, the area and production of rice in the country were 11.28 million hectares and 31.31 million tons, respectively (BBS, 2010) . Nitrogen is one of the essential plant nutrients which can augment the production of rice to a great extent. Application of urea-N plays a vital role in vegetative growth, development and yield of rice. The importance of the role of nitrogenous fertilizer in increasing rice yields has been widely recognized. But N-use efficiency from urea fertilizer is very low and the recovery of N in wetland rice seldom exceeds 40% (De Datta and Buresh, 1989) .Yearly requirement of urea in Bangladesh is 2.9 million tons (mt) of which 80 % (2.3 mt) is used for rice alone. Urea is usually applied in prilled condition by hand. Its application efficiency is only 35 to 40%. When it is applied in super granule form, its application efficiency is increased to 60 per cent. If all the urea could be applied in super granule form, then 1.15 mt urea could be saved. In that case only 0.05 mt urea needs to be imported (BADC, 2011) .If urea is applied in super granule form, a huge amount of urea production could be reduced, which in turn would save a lot of natural gas. The saved natural gas could be used to generate electricity (Bowen et al., 2005) . Usually USG is applied by hand, which is a very time consuming and laborious job. Yet many farmers in different parts of the country use this technology to get more yields with less fertilizer. Moreover, in this method, one top-dressing is required instead of two as required in prilled urea. International Fertilizer Development Corporation (IFDC) has been trying to popularize the USG technology in different countries for many years. They became successful to some extent. But due to lack of a good applicator, the technology could not be popularized to the desired level. Recently, the scientists of Farm Machinery Division of BARI have successfully developed a hand operated USG applicator. This applicator applies USG at 6 to 7 cm depth below the soil surface in the middle of four bunches of rice seedlings. When USG is applied by hand, 28 hours are required per hectare, whereas only 10 hours are required by the applicator (BARI, 2008) . The biggest advantage of the applicator is the reduction of drudgery. In turn urea requirement and production cost will be reduced and rice production will be increased. From the above discussion, it is clear that USG is an important source of nitrogen and has great impact for increasing the nitrogen use efficiency, yield of rice and its application method is also an important factor contributing to total cost of production. It is known that the response of crops to nitrogen varies due to variety. So it is essential to investigate the response of T. aman rice varieties to different doses of USG. In view of the above discussion the present study was designed and carried out to evaluate the effect of USG compared to prilled urea as a source of nitrogen on the yield of different T. aman rice varieties and to determine the suitability of hand placement of USG against two mechanical devices of USG application.
Materials and Methods
The experiment was carried out at the Agronomy Field Laboratory of the Bangladesh Agricultural University, Mymensingh during the period from July to December 2011. The soil of the experimental field lies in agro-ecological region of Old Brahmaputra Floodplain (AEZ 9). It belongs to the Sonatola series of non-calcareous dark grey floodplain type. It was a two factor experiment consisting three aman rice varieties viz., Pajam, BR11, BRRI dhan40 and four placement method viz., broadcasting method of prilled urea, USG placement by hand, by BAU USG applicator and by BARI USG applicator. Randomize complete block design (RCBD) was laid out with four replications. Treatments were assigned randomly in the 48 (3×4×4) unit plots. Spaces between blocks and unit plots were 0.75m and 0.50m, respectively. The size of unit plot was 20m 2 (8.0 m × 2.5 m).One month old seedlings were transplanted on 10 August2011 maintaining no spacing for broadcasting method of prilled urea, row and hill spacing of (25 cm × 15 cm) for hand placement of USG and spacing (20cm x 20cm) for both machine placement of USG. Intercultural operations were done in order to ensure and maintain the normal growth of the crop as and when necessary. When 90% of grain became golden yellow in color, five hills (excluding border hills) were randomly selected from each unit plot for recording data on different agronomic crop characters. Grain and straw yields were recorded from whole area in each unit plot. The collected data were analyzed statistically following the Analysis of Variance (ANOVA) technique and the significance of the mean differences were adjudged by Duncan's Multiple Range Test (DMRT) (Gomez and Gomez,1984) using a statistical computer package program MSTAT-C.
Results and Discussion

Effect of variety
Effect of variety on yield and yield contributing components of rice have been presented in Table 1 . BR11 produced the tallest plant (139.20 cm) while the shortest plant (109.8cm) was obtained from Pajam and the height of BRRI dhan40 was (131.00 cm). These results were consistent to those of Om et al. (1998) , Khisha (2002) and Rahman (2003) . The highest number of total tillers per hill was observed in BR11 (16.60) and the lowest one (10.30) was counted in Pajam. Results indicated that the highest number of effective tillers per hill was produced by BR11 (12.4) and the lowest one (7.4) was produced by Pajam. The probable reason of the differences in producing the effective tillers per hillis the genetic make-up of the variety which is primarily influenced by heredity. This finding corroborates with those reported by BINA (1998), Om et al. (1998) and Bhowmick and Nayak (2000) . The result showed that BR11 produced the longest panicle length (25.61cm). Pajam produced the shortest panicle length (23.38 cm). The highest number of grains panicle -1 (135.1) was found from BR11 the lowest v results aralue was observed from Pajam (96.6). These result are consisted with Srivastava and Thipathi (1998), Bhowmick and Nayak (2000) , Singh and Gangwer (1989) . Values for 1000-grain weight ranged from 26.16 g to 20.27 g. It can be seen that BR11produced the highest (26.16g) 1000-grain weight. The lowest (20.27g) value was obtained from Pajam. These results are in agreement with Samsuddin et al. (1988) and Chowdhury et al. (1993) who reported variation in 1000-grain weight among the varieties. BR11gave the highest grain yield (5.13 t/ha). Grain yield from BRRI dhan40 was recorded4.52 t/ha. Pajam produced the lowest grain yield (3.54 t/ha). Varietal differences regarding grain yield was also reported by Patel (2000) and Khisha (2002) . This might be due to the genetical causes of the varieties. The highest straw yield (5.90 t/ha) was produced by BR11 while the lowest straw yield (3.99 t/ha) was recorded from Pajam. These results are in conformity with those obtained by Chowdhury et al. (1993) and Patel (2000) . It is found that the highest biological yield (11.04 t/ha) due to highest grain and straw yield was recorded from BR11. BRRI dhan40 produced the second highest (9.03 t/ha) biological yield. The lowest biological yield (7.53 t/ha) was obtained from Pajam. The highest harvest index (50.06%) was recorded from BRRI dhan40. The lowest one (46.94 %) was obtained from Pajam. Varietal effect on the grain, straw yield and other plant parameters in our study revealed that among the four varieties used BR11 yielded the highest values for grain and straw yield including almost all other plant characters. This happened might be due to the genetical variation for yield potentials among the varieties. Influence of placement methods of urea super granule on yield and yield contributing components of rice have been presented in Table 2 . Plant height showed a non-significant response to the placement method of USG. The highest number of total tillers hill -1 (13.68) was observed when USG applied by hand and the lowest one (12.31) was recorded when USG was applied by BAU USG applicator. USG placed by hand performed better (10.1) in respect of producing effective tillers hill -1 which is statistically similar to the USG applied by BARI applicator (9.7). The lowest number of effective fillers hill -1 (8.3) was obtained from PU by broadcasting method. The highest number (3.6) of non-effective tillers per hill was produced when the crop was fertilized with USG that was placed by hand. The lowest number (2.8) of non-effective fillers hill -1 was found when USG applied by BARI USG applicator. The longest panicle (25.38cm) was produced when USG was applied by hand and the shortest one (22.86 cm) was produced when fertilized with PU by broadcasting methodThe highest number of grains per panicle (137.7) was obtained from hand placement of USG and the lowest one (112.1) was recorded from PU with broadcasting method which was statistically similar to that of USG placement method by BAU applicator. The highest number of sterile spikelets per panicle (25.3) was recorded from hand placement method of USG. The lowest number of sterile spikelets (15.9) was found in PU placed by broadcasting method. USG placement method by BAU USG applicator and USG placement method by BARI USG applicator showed the number of sterile spikelets per panicle were (20.1) and (23.5), respectively. The placement method of US exerted non-significant response on 1000-grain weight ( Table 2 ). The highest grain yield (5.13 t/ha) was found when USG applied by hand. The second highest grain yield (4.61 t/ha) was obtained from USG applied by BARI USG applicator which was statistically similar to USG applied by BAU USG applicator and the lowest yield (3.34 t/ha) obtained from PU applied by broadcasting method. It is evident from Table 2 that the highest straw yield (5.21 t/ha) was produced from hand placement of USG. The lowest straw yield (4.37 t/ha) was obtained from PU by broadcasting method. Yield from both machine placement of USG were statistically similar. The result showed that the biological yield was highest (10.35 t/ha) due to hand placement of USG. The lowest biological yield (7.71 t/ha) was recorded at broadcasting of PU. The highest harvest index (49.51 %) was recorded from hand placement of USG which was statistically similar to other two methods of USG placement by machine and the lowest one (44.03 %) was obtained from PU placed by broadcasting method.
The used PU and USG exhibited their differences in all the parameters. The result showed that the broadcasting method of PU showed lowest performance than USG. It might be due to different losses of PU when applied by broadcasting method like evaporation, leaching loss, etc. but when urea applied in USG form it was possible to minimize the extra loss of urea. Among the placement method of USG, hand placement method of USG showed highest results. This result proved that hand placement method of USG was the best method on yield performance of T. aman rice. These might be happened due to uniform placement of urea in the root zone in case of USG applicator due to blocking problem in discharge pipe USG pillets were not placed uniformly. In a column figures with same letters letter do not differ significantly whereas figures with dissimilar letters differ significantly (as per DMRT). ** = Significance at 1% level of probability, T1=Traditional urea by broadcasting method, T2 =Hand placement method of USG, T3= BAU USG applicator method, T4= BARI USG applicator method
Interaction effect of variety and placement method of urea super granule Interaction effect of variety and placement method of urea super granule on yield and yield contributing components of rice have been presented in Table 3 . There was non-significant difference in plant height due to interaction of variety and placement method of USG. The longest plant (140.6cm) was obtained due to the interaction of BR11 and hand placement of USG while the shortest plant (109.3cm) was obtained due to the interaction of Pajam and BARI USG applicator. BR11 with hand placement of USG produced the highest number (18.1) of total tillers per hill. Pajam with broadcasting of PU produced the lowest number (9.4) of total tillers per hill .
Results from table 3 showed that the highest number of effective tillers hill -1 (13.60) was counted from the treatment combination of BR11 and hand placement of USG and the lowest one (6.8) was produced by the interaction between Pajam and broadcasting method of PU. The maximum number of non-effective tillers per hill (4.4) was produced by BR11 with USG placement by hand and the minimum one (2.20) was also counted in BRRI dhan40 growing with USG placed by BAU applicator. The longest panicle (26.26cm) was produced by BR11 with hand placement of USG. The shortest panicle (21.77 cm) was produced by Pajam with broadcasting method of PU. The result showed that interaction between BR11 and hand placement of USG was found to be the best in respect of number of grains per panicle (156.2), on the other hand the lowest number of grains per panicle (86.92) was obtained from the interaction between Pajam and PU by broadcasting method. The highest number of sterile spikelets panicle -1 (34.6) was found from BR11 with USG placement method by hand. The lowest number of unfilled grains per panicle (10.1) was recorded from Pajam and broadcasting method of PU. The heaviest 1000-grain weight (26.37 g) was obtained from the combination of BR11 with hand placement of USG. The lowest 1000-grain weight (20.10 g) was obtained from Pajam with traditional placement by broadcasting. It was observed that the highest grain yield (6.05t/ha) was recorded from the treatment combination of BR11 with hand placement of USG and the lowest one (3.20 t/ha) was found from the interaction of Pajam with broadcasting method of PU. The highest straw yield (6.0 t/ha) was obtained from the combination of BR11 with hand placement of USG which is statistically similar with the combination Pajam and placement method of USG by BARI and BAU USG applicator. The highest biological yield (12.1 t/ha) obtained from the combination of BR11 and hand placement of USG and the lowest one (7.02t/ha) from BRRIdhan40 and broadcasting method of PU. The highest harvest index (50.24 %) was recorded from BR11 with hand placement of USG. The lowest one (36.37 %) was obtained from BR11 broadcasting method of PU. In a column figures with same letters do not differ significantly whereas figures with dissimilar letters differ significantly (as per DMRT). ** = Significance at 1% level of probability, T1=Traditional Urea by broadcasting method , T2 =Hand placement method of USG, T3= BAU USG applicator method, T4= BARI USG applicator method,V1= BR 11, V2= BRRI dhan40 , V3= Pajam
Conclusion
From the discussions of the above stated results, it can be concluded that, BR11 performed the best regarding grain yield. But all the varieties have some advantages and disadvantages over one another. BRRI dhan40 matured later by 12 days compared to other two rice varieties. This may facilitate the accommodation of the succeeding crop in sequence. Therefore, any one of the varieties may be chosen depending on choice and performance of the farmers. Hand placement method of USG performed the best in respect of grain yield irrespective of varieties. These might be happened due to uniform placement of urea in the root zone in case of USG applicator due to blocking problem in discharge pipe USG pillets were not placed uniformly. Hence it can be recommended that farmers can use USG by hand placement method. But in terms of cost versus yield, machine placement also recommended as it reduces labor cost and time.
